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IMPROVING KARST SINKHOLE MAPPING IN KENTUCKY USING LiDAR
Junfeng Zhu, Timothy P. Taylor, James C. Currens
Kentucky Geological Survey
University of Kentucky
504 Rose Street, 228 MMRB
Lexington, KY 40506-0107
(859) 323-0530
junfeng.zhu@uky.edu
Detailed mapping of karst sinkholes provides data needed to better understand
karst hydrogeological processes and helps mitigate hazards in karst areas. Existing
sinkhole map coverage for Kentucky is based on low-resolution topographic maps
created more than 50 years ago. LiDAR (Light Detection and Ranging) is a new remotesensing technique that rapidly and accurately measures topographic features on earth
surface in high-resolution. To test the feasibility of LiDAR in mapping sinkholes, the
Kentucky Geological Survey developed a LiDAR sinkhole-mapping method and applied
the method to portions of Floyds Fork watershed in central Kentucky. The method
extracts surficial depressions from LiDAR data and identifies naturally-occurring karst
sinkholes from the extracted depressions. A total of 1681 sinkholes were identified in the
study area, compared to 381 previously mapped for the same area. Field-checking of 121
randomly-selected sinkholes confirmed 106 of them were natural karst sinkholes. The
success rate of field-checked sinkholes was 88%, demonstrating that the LiDAR
sinkhole-mapping method is reliable and efficient. KGS is extending this project to
Bullitt, Fayette, Jefferson, and Oldham Counties with a goal to provide a high-resolution
sinkhole map for Kentucky’s karst areas using LiDAR data.
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“DIVIDING RIDGES” IN LIGHT OF LiDAR: A CLOSER LOOK AT SOME OF
KENTUCKY’S WATERSHED BOUNDARIES
Demetrio P. Zourarakis1
1

Ph.D., Remote Sensing/GIS Analyst - Kentucky Division of Geographic Information
Commonwealth Office of Technology
100 Fair Oaks Ln.
Frankfort, KY 40601
502-564-6246
demetrio.zourarakis@ky.gov

From the hydrologic standpoint, a watershed is an area representing surface water
drainage to a point. Hydrographically, watersheds are represented in a geographic
information system (GIS) by topologically and hierarchically connected boundaries;
these hydrologic units (HU) are available for Kentucky from the Watershed Boundary
Dataset (WBD) and the National Hydrography Dataset (NHD) (USGS, 2014; Kentucky
Geoportal, 2014). In general, the native data used for delineation of the boundaries are
the contour lines from topographic quadrangle maps, originated at a scale of 1:24,000.
In Kentucky, some existing boundaries between counties and between the
Commonwealth and some of the adjoining states are expected – at least in principle to be
associated with watershed boundaries. The creation acts of several counties refer to the
“dividing ridge” between streams – a line surveyed implicitly but nebulously defined. For
example, the act approved in 1785 stipulating the creation of Bourbon County from
Fayette County, states that the dividing line will include the “…dividing ridge between
Kentucky and Licking River” (Kentucky Secretary of State, 2014a). Part of this line
segment could represent the divide between Headwaters North Elkhorn Creek and
Houston Creek watersheds. Another example is the boundary between Harrison and Scott
counties (Kentucky Secretary of State, 2014b), described in the 1793 creation act:
“thence up the main branch of said [Silas’s run] to the head thereof; thence with Scott
county line so far as it continues on the dividing ridge;…”. This line segment represents
the divide between the Headwaters Eagle Creek and Raven Creek watersheds.
Watershed Conservancy Districts in Kentucky utilize watershed boundaries as the basis
for taxation (Division of Conservation, 2014). The Kentucky Regulatory Statutes define a
watershed conservancy district as the land area embraced in such districts must be
contiguous and must lie within a well defined watershed (KRS, 1966). The Fox Creek
Watershed Conservancy District is bound by portions of the Fleming – Lewis county line,
which divides Headwaters Kinniconick Creek from Fox Creek watersheds.
High accuracy LiDAR elevation and intensity data have been acquired by the Kentucky
Aerial Photography and Elevation Program over the last few years, in leaf-off conditions
(late fall/winter, early spring) for a substantial number of counties in Kentucky,
(KYAPED, 2014). The vertical accuracy of this product supports the creation of 0.61 m
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interval contour lines, and digital elevation models (DEM) at spatial resolutions of at
least 1 m. This presents an opportunity for examining the cartographic accuracy of the
different watershed boundaries and possibilities for examination and further refinement
using geoprocessing techniques (Fig. 1).

Figure 1. Watershed boundary (WBD – 12-digit HUC) and county boundary against a KYAPED
hillshaded relief backdrop (1.5 m resolution). See text for explanation.
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KENTUCKY HORSE PARK
KARST WATER INSTRUMENTATION SYSTEM (KWIS) MONITORING STATION
James C. Currensa, Brittany Sheltonb, Charles J. Taylora, Junfeng Zhua, & Stephen Webba
a
Kentucky Geological Survey, bDepartment of Earth and Environmental Sciences
University of Kentucky, 228 MMRB, Lexington, KY 40506-0107
859-257-5500, currens@uky.edu
The Karst Water Instrumentation System (KWIS) at the Kentucky Horse Park is
in its third year of full operation. The station is atypical because the instrumentation is
installed via drill holes into a cave that were sited without being able to enter the cave
with radio locating equipment. The conduit was found by; 1) observing the slope of the
potentiometric surface in the wells drilled during the search, 2) application of a
conceptual model for high head conditions consisting of a cave flanked by anastomotic
channels, and 3) by realizing that an anomaly measured on an early electrical resistivity
profile had special significance when compared to the later ER profiles.
The conduit was viewed with a down hole video camera. Doppler sonar was used
to measure the flow velocity and estimate passage dimensions. Quantitative dye tracing
was used to independently determine the discharge. Instantaneous velocity from a MarshMcBirney flow meter was used to calculate the cross-sectional area from the discharge.
The Marsh-McBirney velocity has an unknown relationship to the mean velocity in the
cave. Further it is a measurement at a single point. We have related the Marsh McBirney
velocity to a data set from the Doppler sonar which we consider as having sampled the
velocity across the entire cave cross-section. With these data we were able to adjust the
Marsh-McBirney velocity.
Mass flux of dissolved or suspended water quality constituents requires discharge
data. The stage record is crudely related to the discharge but it is a blunt instrument as a
surrogate for the continuous discharge. However, the stage recorder in well 24 has been a
very reliable instrument and has a nearly flawless data record over the last 3 years.
Further the Marsh-McBirney has been non-operational for a significant percentage of the
project time. The instruments collectively are perfectly configured for calculating the
total head but individually record only a component of the total head. Ideally a second
KWIS site would allow the head loss to be measured and the discharge calculated.
Stage-discharge equations were developed for the KWIS site by utilizing
quantitative dye tracing techniques. Rhodamine WT was injected at a constant rate and
fluorescein was injected all at once creating a spike in the concentration curve. The
straight line distance between the injection and recover site (1,095m) was used to
calculate the velocity of the fluorescein spike. A route thought more probable is from the
Eclipse karst window southwest 290 meters to its confluence with the main conduit near
Cane Run. From there the main conduit parallels Cane Run for some 800 meters west
before turning north 180 meters to the KWIS site. The total distance along the route
(including sinuosity) is 1,405 meters and the tributary reach is 14% of the longer path.
The hydraulics of the tributary are thought to have a minor effect on the overall velocity
as determined by spike injections of fluorescein. Redundant measures of dye
concentration, flux, and duration were made during the injection. The samples and the
grab sample from the injected tracer were returned to the laboratory where the
concentrations were measured on a calibrated Carrie Eclipse scanning fluorometer. The
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discharge used in the rating equation was obtained by determining the discharge from the
quantitative trace. This discharge was divided by the Marsh McBirney velocity to yield
cross-sectional area. The average area was calculated. The velocity as determined from
the fluorescein spike travel time was multiplied by the average area to result in a second
discharge value. This value and the stage were used to derive the rating equation. A
average discharge value was calculated from the cross-sectional area determined from the
quantitative traces, the Doppler sonar, visual estimation of dimensions from the down
hole video, and the spacing of bore holes at the surface. Figure 1 illustrates the discharge
calculations for two methods at the KWIS site with the discharge at Royal Spring, for
comparison.
The equipment and techniques available provide multiple ways to estimate the
discharge and a final selection of the rating equation has not been made. The mass flux
values therefore are not ready for release but the order of magnitude is not likely to
change. Recoverable phosphorus is measured in metric tons per year. Nitrate
concentration (reported as NO3) and total suspended solids is in the hundreds of metric
tons per year. Total dissolved solids are in the thousands of metric tons per water year.
Eleven samples for total coliform were collected during the 2012-13 water year. The
coliform counts ranged from 31 col/100mL to 12,360 col/100mL at the KWIS site. The
Cane Run Creek (CRCK) surface monitoring site is adjacent to the KWIS site and
records overflow out of the springshed. Only three samples were collected at CRCK but
they ranged from 146 to 17,890. Sampling frequency for bacteria will be increased.
A project report to be published by the Kentucky Geological Survey has been
undergoing peer review and should be available before the end of this water year. A
second KWIS site is planned for the Berea Road property and drilling may begin in
March or April.

Figure 1. Discharge hydrographs for the methods being evaluated for use in calculating the mass flux of selected
water quality constituents at the Kentucky State Horse Park KWIS station, Royal Spring aquifer.
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FORMATION WATER CHEMISTRY OF
CAMBRIAN-ORDOVICIAN KNOX GROUP STRATA,
KGS-HANSEN AGGREGATES NO. 1 WELL, CARTER COUNTY, KENTUCKY
T.M. Parrisa, S. Webba, J. Gridera, and B. Thomasb
a
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In August 2013, the Kentucky Geological Survey sampled formation waters from the
Hansen Aggregates No. 1, a 4,835 ft test well in Carter County. The goal was to
characterize reservoir and fluid chemistry properties needed to assess carbon storage
potential. Formation waters were collected by swabbing, and zone isolation was achieved
by a cement bridge plug and inflatable packer at the base and top of the sampled interval,
respectively. Sampled zones and depths (ground surface) included the Cambrian Copper
Ridge Dolomite (3,695–3,945 ft) and Ordovician Rose Run Sandstone (3,257–3,318 ft) in
the Knox Group. Water properties (specific conductance, pH, dissolved oxygen, redox
potential) and swab volumes were used to decide when samples were collected.
Formation waters were analyzed for concentrations of cations, anions, dissolved
inorganic and organic carbon, organic acids, and dissolved gases. Stable isotope
measurements were conducted on the water (δ18O, δD), dissolved aqueous species (δ34SSO4, δ18O-SO4, δ13C-DIC, δ13C-DOC, δ11B-B(OH)3), and dissolved gases (δ15N-N2, δ13CCH4 and C2H6, δD-CH4 and C2H6). These, along with 87Sr/86Sr measurements, were used
to analyze fluid evolution and hydrostratigraphy.
Bulk composition analysis shows the Copper Ridge and Rose Run samples are NaCl-type
brines with salinities equal to 146,780 and 117,727 mg/L, respectively. Acetate (10–22
mg/L) and formate (0.9–1.3 mg/L) were the only detected organic acids, and their low
concentration suggests they are not important contributors to alkalinity. Br/Cl ratios in
the Copper Ridge (0.0143) and Rose Run (0.0152) samples were elevated with respect to
seawater (0.0035) and suggest evaporation to the point of possible halite precipitation.
Enriched δ18O and δD values for water relative to the local meteoric water line may also
reflect evaporation, although water-rock interaction can enrich δ18O. The δ11B values for
the Copper Ridge (20.5‰) and Rose Run (21.6‰) are depleted relative to seawater
(40‰) and isotopic depletion could reflect water-rock interaction with marine carbonates
(10–30‰) following boron loss to clays and/or dilution from fresh water.
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Dissolved gases in the Copper Ridge and Rose Run are similar and respectively consist
primarily of CH4 (75.3 and 79.5 mole%) and N2 (17.2 and 21.9 mole%). Meanwhile, the
respective δ13C (-36.9 and -39.4‰) and δD (-160.7 and -155.6‰) measurements, along
with the presence of ethane and propane, suggest a thermogenic origin for the
hydrocarbon gases. The similar gas composition, boron isotopes, and 87Sr/86Sr values
suggest that the Copper Ridge and Rose Run had similar hydrologic histories, which
implies the absence of an effective seal between the two intervals.
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